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PROBABILITY OF FALSE ALARM

10-4
1’/’
0.04 0.05 0.06 0.07 0.08 0.09 0.10
PROBABILITY OF FALSE TARGET HIT
Figure 4-16. ARTS-IIIA/RDAS Probability of False Alarm Versus

Probability of False Target Hit for Various Hit/Miss
Count Threshold Parameter Combinations
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probability of a given sequence is the product of the individual event
probabilities, there is a higher probability that the number of noise hits in
the sequence will satisfy a lower hit count threshold than a high one.

It is also evident from the curves in Figure 4-16 that raising the
consecutive miss count threshold, while maintaining a constant hit count
threshold increases the probability of false alarm. Since there is a higher
probability of a miss occurring than a hit, due to noise, it is more likely
that 4 consecutive misses will occur than 3 consecutive misses and one hit.

The probability of false target hits due to interference shown in TABLES
4-2 through U4-5 were related to the probability of false alarm for a
particular hit and miss count threshold by the curves in Figure 4-16. The
resulting probability of false alarm values are shown in TABLE U4-6. The
probability of false alarms are for the most likely ARTS-IIIA/RDAS parameter
settings that will be used in the field:

1. Rank Quantizer Threshold (RQT) = 23
2. Hit Count Threshold (HCT) = 9
3. Miss Count Threshold (MCT) = 3

FAA personnel at NAFEC who have thoroughly tested the ARTS-IIIA are
recommending these detection parameter settings be  used for optimum
performance. In addition, this parameter combination was found in this study
(see section on Trade-Off between Interference Suppression and ARTS-IIIA/RDAS
Performance) to be near optimum for interference suppression.

The probability of false alarm without interference (4.596x10°7 ) is
shown at the bottom of TABLE 4-6. This number corresponds to a probability
of false target hit (0.08) for no interference and a rank gquantizer threshold
of 23. It is evident from TABLE 4-6 that interfacing the ARTS-IIIA/RDAS to
the ASR-T radar usually results in a higher probability of false alarm than
when interfaced to an ASR-8. A higher probability of false alarm also
results when the ARTS-IIIA is connected to the MTI channel than the normal
channel. The highest probability of false alarm for interfering and victim
radar combinations occurred for the AN/CPN-4 and ASR-7. This is because the
AN/CPN-4 radar has a higher PRF than any other interfering radar considered.
In addition, the probability of an AN/CPN-4 radar pulse falling into a rank
quantizer comparison range bin and preventing a hit (logical 1) from being
generated by the hit processor is low. This 1is because the difference
between the AN/CPN-4 pulse width (7i{ = 0.5us) and victim radar range bin hold
time (RBy=0.468us for ASR-7 versus 0.300us for ASR-8) is small. It can be
seen from Equation 4-3 that a small (Ti-RBy) results in a low value of X3
and therefore from Equation 4-6 a high probability of false alarm.

All probability of false alarms for the WSR-57 (7{=4.0 us mode) in TABLE

4-6 are less than for no interference. This is because the WSR-57 wide pulse
width cannot overlap the rank quantizer range bin of interest without
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overlapping many comparison range bins. Consequently, there is a very low
probability of the range bin of interest having a higher interference signal
_level than the comparison range bins, which precludes generation of a hit.

Interpretation of Interference Effects on False Alarms

The probability of false alarms shown in TABLE U4-6 can be related to the
approximate number of false alarms (false target detection indication on the
PPI) per antenna rotation by:

FA = PFA x M x 35§¥Z (4-9)
where

PFA = Probability of false alarm

M = Number of range bins in victim radars radial coverage
(1200 for ASR-T and 1607 for ASR-8)

PRF = Victim Radar Pulse Repetition Frequency (1002 for ASR-T7
and 1040 for ASR-8), in pulses per second

T = Vietim Radar Antenna Rotation Time (5 seconds assumed
for ASR-7 and ASR-8)

K = The average number of azimuth change pulses (ACPs) since

initial hit for a probability of false alarm to occur

The average number of ACPs (K) for a false alarm to occur was determined
from the program used to compute the probability of false alarm as a function
of the probability of a false target hit. The resulting values of K for
possible hit and miss count thresholds are given in TABLE 4-T. The
probability of false alarms listed in TABLE 4-6 are for a hit and miss count
threshold of 9 and 3, respectively. Therefore K=17 was used in Equation 4-9
to relate TABLE U4-6 false alarm probabilities to false alarms per antenna
rotation. Evaluating Equation 4-9 for the false alarm probability without
interference (4.596x10~7 ) and the maximum false alarm probability 1listed in
TABLE 7-6 for interference (11.702x10~7) for an ASR-7 victim radar indicates
that the number of false alarms per antenna rotation can increase from 0.1625
to 0.41383. This corresponds to an approximate increase from 2 to 5 false
alarms every 12 antenna rotations, or 1 additional false alarm every 4
antenna rotations. It should be pointed out that this result reflects
extreme ' worst-case interference conditions. That is, three radars
simultaneously and continually interfering over the entire antenna rotation

period, and a worst-case interfering radar and victim radar channel
combination.

NTIA noted in its 1975 Los Angeles area radar interference measurements
(Hinkle, 1976) that FAA radars did not receive interference from more than
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AVERAGE

TABLE 4-7

NUMBER OF AZIMUTH CHANGE
PULSE SINCE INITIAL HIT FOR A FALSE
ALARM TO OCCUR

HIT COUNT
THRESHOLD

MISS COUNT
THRESHOLD

(HCT) (MCT)

AVERAGE NO.
OF ACPS  FOR PFA
TO OCCUR (K)

—

8 3 L5
8 4 18
9 3 17
9 4 21
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one radar at a given time. In addition, interference coupling in all
measurement cases were caused by antenna mainbeam-to-mainbeam or antenna
mainbeam-to-backlobe coupling and resulted in interference occurring only
over small sectors of the PPI. The maximum false alarm probability listed in
TABLE U4-6 for one interfering radar and the ARTS-IIIA connected to the MTI
channel is 6.977x10'7.

From Equation 4-9, this corresponds to an increase in false alarms per
antenna rotation from 0.1625 to 0.2463, or one additional false alarm every
12 antenna rotations. If interference is received over less than 50 percent
of the antenna rotation, due to a =single radar or combination of radars
interfering one at a time, only one additional false alarm would occur every
24 antenna rotations. It is therefore concluded that present radar
interference conditions in congested terminal areas of the U.S. would not
significantly affect the ASR-7 or ASR-8 probability of false alarm when these
radars are interfaced to the ARTS-IIIA/RDAS.

The hit count threshold of 9 used in the false alarm analysis
corresponds to only the lowest hit count threshold value that the MTI channel
can have at any given time. As discussed in a previous section and described
in Figure 4-7, the MTI channel hit count threshold is increased from 8 to a
maximum of 20 depending on the degree of clutter correlation. The
probability of false alarm versus probability of false target hit curves in
Figure 4-16 have nearly the same slope regardless of the hit count threshold.
Therefore, it is reasonable to assume that an increase in the MTI target hit
count threshold would not result in interference having any greater impact
than indicated in TABLE 4-6.

Effect of I ¢ Probabili £ T Detect i

The following discusses the impact of interference on the RDAS
probability of target detection. The probability of target detection is
defined as the probability of declaring a target when the target is actually
present. For a target to be declared, a sequence of hits (logical 1) due to
target return pulses must be generated by the hit processor in the same range
bin for adjacent ACPs, and the target declaration hit and miss count
threshold in the target detection software satisfied. Therefore, to
analytically determine the probability of target detection, the probability
of a target hit at the hit processor output for the target and interference
signal are first determined, and then related to probability of target
detection through simulation of the target detection ecriteria. The last
portion of this subsection discusses the interpretation of the results.

Probabilit f T Hit C { ] T
The probability of a logical 1 occurring at the Hit Processor output

when a target is present is defined as the probability of a target hit and
derived in Appendix F to be:
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Py @R = S T (3)F ) 1 1r 017 F (g ()] (4-10)

-® K=RQT
where
v = Voltage level, in volts
i = Number of rank gquantizer comparison range bins (24)
RQT = Rank quantizer threshold (23 or 24)
F(v) = Statistical cumulative distribution for noise
G(v) = Statistical cumulative distribution for signal-plus-noise

The probability of target hit (PTH), unlike the probability of false target
hit, is dependent not only on the distribution of noise but also the signal-
plus-noise distribution. Equation 4-10 gives the probability of the target
range bin (range bin of interest with target in it) having a voltage level
greater than at least RQT of the surrounding J comparison range bin noise
samples. These noise range bins are assumed to each have the same cumulative
distribution F(v). The particular distributions for F(v) and G(v) depends on
the radar channel (normal or MTI) connected to the ARTS-IIIA/RDAS.

rm n o The noise distribution at the radar normal channel
output (before integrator) is Rayleigh distributed (Skolnik, 1962) and given
by:

.
Fv) = 1-e™V /2 (4-11)

Where v is a sample of the voltage amplitude. The cumulative distribution
for signal-plus-noise at the radar normal channel output is given by the Rice
distribution (Skolnik, 1962):

£2+2- SNR
v o ==y
Gv) = [ te Io(tf2-SNR) dt (4=172)
t = Dummy variable of integration
SNR = Signal-to-noise voltage ratio
I5 = Modified Bessel function of the first kind and of zero order

Substituting F(v) and G(v) into Equation 4-10 gives:
2 2

P_. (J,RQT) = 2 B ) Y
61 (J-RQD) = / i=RQT (K) (l-e “) e %) ve = I_(WZ'SKR) dv
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For a rank quantizer threshold (RQT=23) and range bin sample number (J=24),
Equation 4-13 becomes:

._X223 _.3.2 _ﬁgﬂ
P (26,23) = 26T 2) (e Zve I (W2 SFR) dv
(4-14)
v? v242+5NR
- I e
+O?(l-e ) ve IOQyJZ-SNR) dv

Evaluation of Equation 4-13 for a rank quantizer threshold of 24 gives:

. 24 - v2+2~SN3
v e 2 Io(vvz-SNR) dv {4-15)

ro| <
t

o0
n = =
le(24,24) g(l e

The two above integral equations were evaluated for various signal-to-noise
ratios (SNRs) wusing a Fortran numerical integration routine. The resulting
curves are shown plotted on probability paper in Figure 4-17. The
probability of target hit curves for RQT=23 is higher than for RQT=24 because
there is a higher probability of the signal-plus-noise level in the target
range bin exceeding 23 range bin noise samples than 24. Since the
distribution of noise and signal-plus-noise out of the ASR-7 and ASR-8 radar
normal channel are identical, the curves in Figure 4-17 apply to an
ARTS-IIIA/RDAS connected to either an ASR-T7 or ASR-8 radar normal channel.

MTI Channel . The ASR-7 has a single channel MTI canceller, and the
ASR-8 has a dual (Inphase and Quadrature) MTI canceller. The probability of
a target hit with the ARTS-IIIA/RDAS connected to these circuits was computed
by the following form of Equation 4-10.

+00
PSl(J,RQT)= Sz (g)[p(v)]K[l_F(v)]J-K ale(v)lgy

- K=RQT —dv (4-16)

where d[G(v)]/dv is the signal-plus-noise amplitude distribution PDF.
The noise only amplitude distribution PDF at the output of the ASR-7 MTI

channel is a one-sided Gaussian and described by Equation C-40. Therefore,
the noise only cumulative distribution is given by:

v 2
Flv) = —2 A2 on (41
v T 6r = dv ERF(v) 7)
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where ERF(v) is the mathematical error function. The signal-plus-noise
amplitude distribution PDF was determined from actual ASR-T7 radar MTI channel
simulations and is shown in Figure C-21. The probability of a target hit
occurring was computed by substituting Equation 4-17 for F(v) in Equation
4-16, and the density distribution data obtained from simulations for
d[G(v)]/dv in Equation H4-16. Equation 4-16 was then evaluated for various
signal-to-noise ratios (SNR's) using Fortran error function and numerical
integration routines. The resulting probability of target hit versus
signal-to-noise ratios are shown plotted on probability paper in Figure u—}B.

The noise only amplitude distribution PDF at the ASR-8 MTI Channel
output is Rayleigh distributed and given by &£quation " D=15. Therefore, the
noise only cumulative distribution is given by:

-v2/202
Flv)=1 - e : (L-18)

As in the case of the ASR-7 MTI channel, the ASR-8 MTI channel was simulated
to determine its output signal-plus-noise amplitude distribution PDF. The
resulting density function, "shown in Figure C($6-23, was substituted for
d[G(v)]/dv in Equation 4-16. Similarly, Equation U4-18 was substituted for
F(v) in Equation 4-16. Equation U4-16 was then evaluated for various
signal-to-noise ratios (SNR's) by a numerical integration routine. The
resulting probability of target hit versus signal-to-noise ratios are shown
plotted in Figure 4-19. .The RMS noise voltage level (o) was set at 0.25
volts for the calculation, since this corresponds to the one volt peak noise
level usually set at the radar receiver out put .

i rget

A 0.7 probability of target hit was chosen for a zero interference
reference base in the analysis. It will be shown later in this section that
this probability of target hit results in a worst-case interference effect on
probability of target detection. It is evident from Figures 4-17, 4-18, and
4-19 that a 0.7 probability of target hit and RQT=2% corresponds to a
signal -to-noise ratio of approximately 6 dB for the ARTS-III/RDAS connected
to. the normal channel, 12 dB for the ASR-T7 MTI channel, and 7 dB for the
ASR-8 MTI channel. The effect of interference on the probability of false
target hit can be determined from Equation U4-1. As discussed earlier, for
worst-case interfering signal level assumptions Equation U4-1defines the
effect of interference on a hit (logical 1) caused by either noise or
signal-plus-noise. Substituting 0.7 for P in Equation 4-1 and evaluating it
for various interfering pulse arrival rates (v), gives the curves shown in
Figures 4-20 through 4-27. The graphs in Figures 4-20 through Uu4-23 are for

4=40
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Figure 4-24. ARTS-IIIA/RDAS Probability of Target Hit Versus
Rate of Received Interference (ASR-8 Victim Radar,
Normal Channel, Rank Quantizer Threshold 23)
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Figure 4-25. ARTS-IIIA/RDAS Probability of Target Hit Versus Rate
of Received Interference (ASR-8 Victim Radar, Normal
Channel, Rank Quantizer Threshold 24)
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Figure 4-26. ARTS-IIIA/RDAS Probability of Target Hit Versus
Rate of Received Interference (ASR-8 Victim Radar,
MTI Channel, Rank Quantizer Threshold 23)

4=49



70.

)]
a
[ ]

=)
o
w

19|
7]

AN/CPN-4
ASR-8
N\\\\\ ASR-7

AN/FPS-90 ,WSR-57

o
Q

PROBABILITY OF TARGET HIT X 100
-~
14,

40.

0. 2000. 4000. 6000. 8000. 10000. 12000.

INTERFERENCE RATE IN PULSES/SECOND

Figure 4-27. ARTS-IIIA/RDAS Probability of Target Hit Versus
Rate of Received Interference (ASR-8 Victim Radar,
MTI Channel, Rank Quantizer Threshold 24)



the ARTS-IIIA/RDAS interfaced to the ASR-7, and Figures 4-24 through 4-27
interfaced to the ASR-8. The graphs also account for the radar channel
(normal or MTI) that is connected to the ARTS-IIIA/RDAS. The family of
curves on each graph represent various interfering radar types. The even
numbered graphs are for RQT=23 and the odd number graphs for RQT=24. The v=0
value on each curve gives the probability of a target hit (0.7) without
interference present. The same factors (interfering radar pulse width and
PRF, and victim radar range bin characteristics) which affected the degree of
interference impact on the probability of false target hit also applies to
the probability of target hit. However, the probability of target hit
decreased with interference, while in most cases the probability of a false
target hit increased., This is because the probability of target hit (P; in
Equation 4-1) is much greater than the probability of an interference pul se
falling in the range bin of interest (1-e~%{V in Equation 4-1). Under these
conditions, Equation 4-1 can be approximated by:

X,V
Pil P,e (4 )

It is evident from this expression that the probability of hit can only
decrease with increasing values of v.

The data representing the curves in Figures U4-20 through 4-27 were
reduced to the form shown in TABLES 4-8 through 4-11 to indicate the effect
of a particular number and type of interfering radars on the probability of
target hit. TABLES 4-8 and 4-9 represent data for an ARTS-IIIA/RDAS
interfaced to an ASR-7 radar that js receiving interference from one and
three radars, respectively. Similarly, TABLES 4-10 and U4-11 gives the
probability of target hit when the ARTS-IIIA/RDAS is interfaced to an ASR-8
radar that is receiving interference. The interfering pulse arrival rate (v)
in TABLES 4-8 and 4-10 are simply equal to the average PRF of the interfering
radar. In TABLES 4-9 and 4-11, v is equal to three times the PRF of the
interfering radar. The probability of target hit values listed in TABLES 4-8
through 4-11 indicate that connecting the ARTS-IIIA/RDAS to the MTI channel
results in a lower probability of target hit than when connected to the
normal channel. This is because N in Equation 4-19 is 3 for MTI and only 1
for normgl channel. In other words, the probability of an interference pul se
falling in a rank quantizer comparison range bin and precluding generation of
a hit (logical 1) is greater for the MTI channel.

Lerf t rget Detecti

The decision to declare a target is accomplished by the target detection
software fupctions shown in Figure 4-5, The details of this target detection
processing is given in the RDAS Subsystem Description section of this report.
A computer program was written to determine the probability of target
detection as a function of probability of target hit. The program involves

4-51
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